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Abstract 
 
      In this study the microbiological quality of Port Sudan drinking water was 
assessed. Water samples were taken from khor Arbaat (main source), desalination 
water plant, reservoirs and household at distribution network, during the period 
from March to November, 2008. Bacteriological analysis involved total coliforms 
(TC) count, and estimation of faecal coliforms (FC). Attempts were made to 
isolation and identify pathogenic bacteria. 
The most probable number (MPN) and membrane filtration (MF) 
techniques were used. Bacteriological analyses showed that TC and FC were high 
in both household distribution network and reservoirs. The counts of the faecal 
indicators revealed that their densities increased from upper gate to lower gate. 
       Out of 70 Bacterial isolates, 68 were identified according to their 
morphological biochemical characteristics as potentially pathogenic Gram-
negative bacteria which indicated. Escherichia coli 20 isolates (28.6%), Klebsiella 
pneumoniae 5 isolates (7.1%), Pseudomonas aeruginosa 8 isolates (11.43%), 
Pseudomonas alcalengenis10 isolates (14.29%), Shigella spp 5 isolates (7.1%) 
and Proteus vulagris 5 isolates (7.1%) Citrobacter freundii 12 isolates (17.1%), 
and Vibrio spp 3 isolates (4.3%). Gram-positive bacteria were isolated from 2 
samples only there isolates were identified as Bacillus spp (2.9%).  
The results showed that bacterial contamination constitutes a significant 
problem in Port Sudan water supply; regular chlorination and monitoring of water 
supplies can improve the sanitary quality of water 
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 ﻣﻠﺨﺺ ﺍﻷﻃﺮﻭﺣﺔ
 
 ﺤﻴﺙ ﺘﻡ ﺠﻤﻊ ﻋﻴﻨﺎﺕ ﺏ، ﺍﻟﺘﻠﻭﺙ ﺍﻟﻤﻴﻜﺭﻭﺒﻲ ﺒﻤﻴﺎﻩ ﺍﻟﺸﺭﻴﻡﺘﻘﻴﺃﺠﺭﻴﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺒﻤﺩﻴﻨﺔ ﺒﻭﺭﺘﺴﻭﺩﺍﻥ ﺒﻐﺭﺽ 
 ﻤﺭﻭﺭﺍ ﺒﺨﺯﺍﻨﺎﺕ ﺍﻟﻤﻴﺎﻩ ﻭ ﺸﺒﻜﺔ ﺍﻟﺘﻭﺯﻴﻊ ﻟﻠﻤﻨﺎﺯل ﻭﺭ ﺃﺭﺒﻌﺎﺕﻤﻥ ﻤﺼﺩﺭ ﺍﻟﻤﻴﺎﻩ ﺍﻟﺭﺌﻴﺴﻲ ﻟﻠﻤﺩﻴﻨﺔ ﺒﻤﻨﻁﻘﺔ ﺨ
ﺘﻡ ﺇﺠﺭﺍﺀ ﺍﻟﺘﺤﻠﻴل ﺍﻟﺒﺎﻜﺘﻴﺭﻱ ( 8002ﻤﻥ ﻤﺎﺭﺱ ﺤﺘﻲ ﻨﻭﻓﻤﺒﺭ )ﺃﺜﻨﺎﺀ ﻓﺘﺭﺓ ﺍﻟﺩﺭﺍﺴﺔ . ﺒﺎﻹﻀﺎﻓﺔ ﻟﻤﺤﻁﺎﺕ ﺍﻟﺘﺤﻠﻴﺔ
 ﻜﻤﺎ ﺃﺠﺭﻴﺕ ﺩﺩ ﺍﻹﺤﺘﻤﺎﻟﻲ ﻟﻠﺒﺎﻜﺘﺭﻴﺎ ﺍﻟﺒﺭﺍﺯﻴﺔﻟﻠﻌﻴﻨﺎﺕ ﻭﺍﻟﺫﻱ ﺇﺸﺘﻤل ﻋﻠﻲ ﺍﻟﻌﺩ ﺍﻟﻜﻠﻲ ﻟﻠﺒﺎﻜﺘﺭﻴﺎ ﺍﻟﻘﻭﻟﻭﻨﻴﺔ ﻭ ﺍﻟﻌ
  ﻠﻲ ﺍﻟﺒﺎﻜﺘﺭﻴﺎ ﺍﻟﻤﻤﺭﻀﺔ ﻓﻲ ﺍﻟﻌﻴﻨﺎﺕ ﺍﻟﻤﺤﺎﻭﻻﺕ ﻟﻌﺯل ﻭﺍﻟﺘﻌﺭﻑ ﻋﺒﻌﺽ
ﺃﻭﻀﺢ ﺍﻟﺘﺤﻠﻴل ﺍﻟﺒﺎﻜﺘﻴﺭﻱ ﻓﻲ . ﺍﻟﻌﺩﺩ ﺍﻻﺤﺘﻤﺎﻟﻲ ﺍﻟﺴﺎﺌﺩ ﻭ ﺍﻟﺘﺭﺸﻴﺢ ﺍﻟﻐﺸﺎﺌﻲ ﺇﺴﺘﺨﺩﻡ ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺘﻘﻨﻴﺔ
ﻜﻤﺎ ﻟﻭﺤﻅ  ﺍﻹﺫﺩﻴﺎﺩ . ﺍﻟﻌﻴﻨﺎﺕ ﺍﻟﻤﺄﺨﻭﺫﺓ ﻤﻥ ﺸﺒﻜﺔ ﺍﻟﺘﻭﺯﻴﻊ ﻟﻠﻤﻨﺎﺯل ﻭﺨﺯﺍﻨﺎﺕ ﺍﻟﻤﻴﺎﻩ ﻤﺅﺸﺭ ﻟﻠﺘﻠﻭﺙ ﺍﻟﺒﻜﺘﻴﺭﻱ 
  ﺔ ﺍﻟﻌﻠﻴﺎ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﺒﻭﺍﺒﺔ ﺍﻟﺩﻨﻲﺍﻟﻨﺴﺒﻲ ﻟﻠﺘﻠﻭﺙ ﺍﻟﺒﻜﺘﻴﺭﻱ ﺒﻴﻥ ﺍﻟﺒﻭﺍﺒ
ﺔ ﻟﻠﺠﺭﺍﻡ ﺒﺈﺴﺘﻌﻤﺎل ﺍﻟﻤﻤﺭﻀﺔ ﺍﻟﺴﺎﻟﺒ  ﻋﺯﻟﺔ ﻤﻥ ﺍﻟﺒﺎﻜﺘﺭﻴﺎ86 ﻋﺯﻟﺔ ﺘﻡ ﺍﻟﺘﻌﺭﻑ ﻋﻠﻲ 07ﻤﻥ ﻤﺠﻤﻭﻉ 
 ﻋﺯﻟﺔ 5 ﻜﻠﺒﺴﻴﻼ،( %6.82 ) ﻋﺯﻟﺔ  02 ﺍﺸﻴﺭﺸﻴﺎ ﻜﻭﻻﻯ ﺍﻟﺨﺼﺎﺌﺹ ﺍﻟﺸﻜﻠﻴﺔ ﻭﺍﻟﺒﻴﻭﻜﻴﻤﻴﺎﺌﻴﺔ ﻭﺇﺸﺘﻤﻠﺕ ﻋﻠﻲ
ﻋﺯﻟﺔ   5، ﺍﻟﺸﻴﻘﻼ (92.41)%ﻋﺯﻟﺔ  01، ﺍﻟﺯﺍﺌﻔﻪ ﺍﻟﻘﺎﻋﺩﻴﻪ (4.11 % )ﻋﺯﻟﺔ   8 ، ﺍﻟﺯﺍﺌﻔﻪ ﺍﻟﺯﻨﺠﺎﺭﻴﻪ ( %1.7)
 ﻜﻤﺎ ﺘﻡ  (.%92.4  ) ﻋﺯﻟﺔ3ﺍﻟﻀﻤﻪ   ،(2.71)%ﻋﺯﻟﺔ   21  ،ﺍﻟﻠﻴﻤﻭﻨﻴﻪ ( 41.7 )ﻋﺯﻟﺔ   5ﻤﺘﻘﻠﺒﺔ   ،( %41.7)
. (9.2%) ﺒﻨﺴﺒﺔ (2.71 )% ﺍﻟﻌﺼﻴﺎﺕ ﺍﻟﺒﺎﺴﻠﻴﺔﻋﺯل ﺒﺎﻜﺘﺭﻴﺎ ﻤﻭﺠﺒﺔ ﻟﻠﺠﺭﺍﻡ ﻤﻥ ﻋﻴﻨﺘﻴﻥ ﻭﻜﺎﻨﺕ ﻤﻥ ﺠﻨﺱ
ﻐﻠﺏ ﻋﻠﻴﻬﺎ ﺘﺃﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﻭﺠﻭﺩ ﺍﻟﺘﻠﻭﺙ ﺍﻟﺒﺎﻜﺘﻴﺭﻱ ﻓﻲ ﻤﺼﺎﺩﺭ ﺍﻟﻤﻴﺎﻩ ﺒﺎﻟﻤﺩﻴﻨﺔ ﺒﻨﺴﺒﺔ ﻋﺎﻟﻴﺔ، ﻭﺍﻟﺘﻲ ﻴﻤﻜﻥ ﺍﻟ
  .ﻥ ﻤﻥ ﻨﻭﻋﻴﺔ ﺍﻟﻤﻴﺎﻩﻴﺘﺤﺴﻟﻱ ﺍﻟﺩﻭﺭﻱ ﻟﻤﺼﺎﺩﺭ ﺍﻟﻤﻴﺎﻩ ﻤﻤﺎ ﻗﺩ ﻴﺅﺩﻱ ﺒﺈﻀﺎﻓﺔ ﺍﻟﻜﻠﻭﺭ ﺒﺈﻨﺘﻅﺎﻡ ﻭ ﺍﻟﻔﺤﺹ ﺍﻟﺒﻜﺘﻴﺭ
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CHAPTER ONE 
Introduction 
Port Sudan is the main port and largest commercial center of the Sudan. It is 
the capital of the Red Sea State. The main source of water supply is from Khor 
Arbaat, from which water is extracted with different methods. Supply from the 
Saraf, shallow dug wells, deeper boreholes and surface reservoirs are the main 
methods. Water from these sources is collected into the transmission lines of 
different capacities which run towards the city each entering the distribution 
system at a different location. The water gets into the transfer system without any 
treatment.  
Desalination has been started seven years ago as a private small scheme. 
This source is in constant increase and hopefully it will take an appreciable part in 
the overcoming of the water supply problem, especially at times of great difficulty. 
Water supplied from Arbaat is subjected to seasonal variations as a result of   the 
unpredictable climatologically conditions reflected on rains, floods and perennial 
base flow (Elnaw, 1984). 
Water is the most important natural resource in world since without it life 
cannot exist and most industries could not operate. Wastes contamination water 
through a variety of means including direct discharge, surface runoff and seepage 
through ground water. 
 One of the most important factors of water pollution is the microbial 
contamination especially with pathogenic microorganism. Enteric pathogens are 
typically responsible for waterborne sickness (Karaboze et al., 2003). It has been 
estimated that waterborne disease kills more than 5 million people annually 
(Hunter et al., 2002).  
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Symptomatic manifestation of some of these diseases is acute diarrhea, one 
of the causes of morbidity and mortality in the world, especially in children. From 
public health's part, water supply should be tested regularly to confirm that they 
meet the hygienic measures of the WHO for safe water (Bukhari, 2004).  
The use of indicator bacteria such as faecal Coliforms (FC) and faecal 
streptococci (FS) for assessment of faecal pollution and possible water quality 
deterioration in fresh water sources is widely used (APHA, 1995), and have been 
showen to be positively correlated with the presence of pathogenic enteric bacteria 
(Hunter et al., 2002: Rice and Johnson, 2002). Pathogens are a serious concern for 
managers of water resources, because excessive amounts of faecal bacteria in 
sewage and urban run-off have been known to indicate risk of pathogen-induced 
illnesses in humans (Fleisher et al., 1998).  
Several species of Gram-negative bacteria present in municipal wastewater 
are pathogenic. Thus, identification of these pathogens in water resources helps in 
the control and prevention planning of infectious diseases. Fortunately, simple 
water treatment procedures such as chlorination inactivate the majority of these 
pathogens. Therefore, most cases of waterborne disease result from the 
consumption of inadequately treated water. However, it must also be noted that 
certain of these pathogens, such as the protozoan parasites Cryptosporidium and 
Giardia, are very resistant to chlorine (Carpenter et al. 1999; Korich et al. 1990).  
In Port-Sudan City, the Red Sea water corporation state, water system 
provides the population with unfiltered and partially chlorinated surface water of 
occasional taste and odour problem. The risks to human health are not documented 
and have not yet been recognized.  
The objectives of this study were:- 
3 
 
- To enumerate the indicators of faecal contamination of water which are total 
coliform and faecal coliform in order to determine the level of contamination and 
cause mainly assist the level of microbiological quality of drinking water supply. 
- To isolate and identify abundant bacteria in the drinking water. 
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CHAPTER TWO 
Literature review 
2. 1. Port Sudan Water Supply system 
 2. 1. 1. General: 
           Many Khors originate from the Red Sea Hills and from the main water 
resources of region. Khor Arbaat is the largest water resources in vicinity of Port 
Sudan. 
2. 1. 2. Sources for Port Sudan: 
2. 1. 3. Groundwater 
            Khor Abaat ground water basin is the main source of water for Port Sudan 
town. The idea of utilizing Khour Arbaat as a supply for Port Sudan town was 
advanced in 1912 but was not put into action until 1924. During this period Khor 
Mog provided the town with sufficient water. The discharge by wells began in 
1924 when two wells were hand dug. As Port Sudan population increased, 
consumption increased, so more wells were drilled. 
           Presently, there are 20 working wells in the field. The design capacity of the 
submersible pumps used in the boreholes is 40 m/h (about 960 m3/d) against 40 m 
head. However, with reference to pervious records taken several years ago for 
some wells, beside the oldness of the existing pumps, the estimated production of 
the pump will be taken as 800 m3/d. Hence, the total produced ground water will 
be around 16,000 m3/d (Mohmoud, 2006). 
2. 1. 4. Surface water 
             Surface water supply is the main source in Port Sudan and consists of base 
flow and earth dams, that provides about 34,000 m3/d.  
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2. 1. 5. Khor Arbaat base flow Scheme 
           Khor Arbaat base flow is a perennial spring which is located at Uppergate, 
and it is the second water source supplying Port Sudan. It provides 16,000 m3/d in 
summer season (June-September) and about 20,000m3/d in winter season 
(October-Jane). 
The Saraf scheme collects the saraf water by means of graded filter bed over 
laying slotted collector tubes that feed the main pipeline with 20" diameter. This 
system was washed out and destroyed by a huge amount of floods in (1980) and 
was rehabilitated and maintained in (2004) to function again and contribute to 
supply a clean and treated water to Port Sudan City. (Mohmoud, 2006). 
2. 1. 6. Khor Arbaat Earth Dams 
             The catchment’s area of Khor Arbaat is the largest of any water course in 
the vicinity of Port Sudan and has been the subject of several proposals for 
reservoirs. Also the huge amounts of water in the catchment’s area attracts the 
attention of many studies  as (Grabham, 1907; Kabesh, 1959; Gibb and Partners, 
1978; Bundesanhalt, GR, 1980; 1980; Montgomery, 1959; and GRAS, 1991) to 
harvest these quantities of water so as to supply Port Sudan town with sufficient 
water. These studies made recommend two sites for dams, one at the Upper gate 
and the other 3, 2 km, up stream of the Upper gate (Mohmoud, 2006). 
2. 1. 7. Desalinization plant 
             Desalinization involves removal of salinity causing dissolved constituents 
from water. A desalting device essentially separates saline water into two streams; 
one with a low concentration of dissolved salts (the fresh water stream) and the 
other containing dissolved salts (hot brine water). The device requires energy to 
operate it and can use a number of different technologies for the separation. These 
technologies could be classified into two main categories: 
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     I- Methods to produce large quantities of water. 
     II- Methods to produce small quantities of water. 
Methods to produce large quantities of water are classified into two subcategories: 
    - Thermal processes, like Multi Stage Flash (MSF). 
    - Membrane processes, like Reverse Osmosis (RO). 
 2. 2. Water importance for human consumption: 
Water is essential to asustain life; therefore a satisfactory supply must be 
made available to consumers. Every effort should be made to maintain drinking-
water quality as high as practicable. Protection of water supplies from 
contamination is first line of defenes (Ahmed, 2005).        
          Kleiner (1999) reported that water is a basic nutrient of the human body and 
is critical to human life. It is necessary for all digestive, absorption, circulatory, 
and excretory functions, as well as for the utilization of the water-soluble vitamins. 
It is also needed for the maintenance of proper body temperature. Water must be 
continuously replaced since on average 250 ml is lost on a daily basis through 
breathing. 
Nutritionists have difficulty in suggesting an exact daily requirement of 
water. By drinking an adequate amount of water each day-at least eight glasses (2 
liters); man can ensure that his body has all it needs to maintain good health. Man 
can live without food for several weeks, but he can go more than a week without 
water. The best source of water for drinking is plain water. But other beverages, 
such as fruit juices, milk, and non caffeinated drinks are also being good source of 
water. The WHO (1984) recommendations for daily requirements of drinking 
water are given in table (1). 
 
 
Table (1): Daily requirements on drinking water for human adult female and male. 
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 Average 
conditions 
Manual Labour 
in high 
temperature 
Total needs in 
pregnancy/loctation 
Female adults 2.2 Liters 4.5 Liters 4.8 Liters 
Male adults 2.9 Liters 4.5 Liters - 
 
2. 3. Water quality 
Drinking water should be suitable for human consumption and for all usual 
domestic purposes. When aguidline value is exceeded, the cause should be 
investigated and corrective action should be taken. The amount by which and 
forhow long any guideline value can be exceed without endangering human health 
depents on the specific substance involved. In drowing up national standards for 
drinking water quality, it will be necessary to take into account various local, 
geographical, socioeconomic and cultural factors. As a result, national standards 
may differ appreciably from theguideline values. There may be a need for interm 
standards to provide a medium-term goal as step to ward the achievement of 
guideline values in the long term (Ahamed, 2005). To understand and intelligently 
manage the water environment, it is necessary to determine the physical, chemical, 
and biological parameters that affect the quality of water. The factors influencing 
water quality are so interrelated, that a change in any water quality parameter leads 
to other changes in the nature and composition of the water environment (Elrufai, 
2000).                                                                        2. 4. Health & water in 
Sudan 
        Merghany (2003) report that water services, in Sudan are far behind the WHO 
standards in terms of quantity and quality. Acute water shortage is a common 
phenomenon in many urban centers. In rural areas water sources when available 
8 
 
they are in most cases not accessible and people have to walk for long distances 
fetching for water. 
       Emerging problems, which affect the environment and contaminate water 
sources in Sudan, are: salinity, water-logging and soil degradation from extensive 
irrigation; discharge of agricultural and industrial effluents and urban waste; and 
use of agro-chemicals, including aerial spraying for aquatic weeds.  
The government's National Program of Action for child Survival and 
Development sets the availability of 20 liters of safe water per capita per day 
within one kilometer from the user's dwelling as the acceptable standard. On 
average, urban populations consume about 20 liters per capita per day while some 
of their rural counter parts manage with only 8 liters per capita per day (Mergany, 
2003). 
      The present rate to expansion of services in rural area does not pace with the 
growth of populations in need of safe water. Only 40 percent of urban population 
has access to safe water and investment in provision of services not commensurate 
with growth in need. 
       Sanitary excreta disposal is difficult in many areas. The 1993 census data 
indicate that one out of two rural, and about one in five urban Sudanese have no 
access to means of sanitary excreta disposal. As with access to safe water, 
differences within the country are evident. 
      Based on the fact that (any water is better than no water) Sudanese water 
quality standard should be looked to as a compromise between available water and 
their health impact. Water supply, sanitation, and hygiene education should be 
treated as one Package. According to WHO, about 90% of major epidemics in the 
country are water-borne or water-related, and some 40% of death in children under 
five years are due to diarrhea (Mergany, 2003). 
+2. 5. Water pollution:  
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Water pollution occurs when a body of water is dversely affected due to the 
addition of large amounts of materials to the water.  When it is unfit for its 
intended use, water is considered polluted.  Two types of water pollutants exist; 
point source and non-point source.  Point sources of pollution occur when harmful 
substances are emitted directly into a body of water.  A non-point source delivers 
pollutants indirectly through environmental changes (Poppe).  
Non-point sources of pollution that contribute faecal bacteria to surface 
waters have proven difficult to identify. Knowledge of pollution sources could aid 
in restoration of the water quality, reduce the amounts of nutrients leaving 
watersheds, and reduce the danger of infectious disease resulting from exposure to 
contaminated waters. 
     The more acceptable definition of water pollution is the presence of any 
substance (organic, inorganic, biological, thermal or radiological ) in water at 
intensity levels which tend to impair, degrade, or adversely affect it's quality or 
usefulness for specific purposes". Hence contamination is synonymous with the 
degradation of water quality. The early studies on water pollution were motivated 
primarily by public health considerations and were largely bacteriological 
investigations (FAO, 1979) 
2. 6. Microbiological contamination of drinking water:- 
         Surface water contains organic and inorganic compounds of natural origin as 
suspended matter and dissolved substances. In most cases, water in river and lake 
is contaminated by waste, sewage, chemicals, hydrocarbons, medicine, hormones, 
antibiotics, bacteria, viruses, fertilizers, plant-protective agents, etc. and their decay 
products (Balke, 1990; Balke and Zhu, 2003; Remmler and Schulte-Ebbert, 2003). 
For drinking purposes, the contaminations in water must be removed or destroyed 
by purifying processes as completely as possible.  Contaminants that may be 
present in water sources include: 
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• Microbial contaminants, such as viruses and bacteria, which may come 
from sewage treatment plants, septic systems, agricultural livestock operations and 
wildlife; 
• Inorganic contaminants, such as salts and metals, which may be naturally 
occurring or result from urban storm water runoff, industrial or domestic 
wastewater discharges, oil and gas production, mining or farming; 
• Pesticides and herbicides, which may come from a variety of sources such 
as agriculture, urban storm water runoff and residential uses; 
• Organic chemical contaminants, including synthetic and volatile organic 
chemicals, which are by-products of industrial processes and petroleum 
production, and may also come from gas stations, urban storm water runoff and 
septic systems; and 
• Radioactive contaminants, which may be naturally occurring or be the 
result of oil and gas production and mining activities. 
  Bradshaw and Powell (2004) reported that, microorganisms include the 
organisms in water that are capable of reproducing or growing either in water or in 
the host, once ingested, These contaminants include bacteria, protozoa (often in 
cyst form), virus, fungi, and worm. These microbiological contaminants have been 
responsible for the majority of illness, disease, and death associated with polluted 
drinking water. 
Out breaks still occur, through infrequently, in the United State, but are 
much more common in less developed countries where less attention is given to 
sanitation, water production, and water treatment (Chapelle, 1993).  
The human illnesses such as typhoid, dysentery, cholera, hepatitis and 
giardiasis have been linked to drinking water contaminated by human wastes 
(Mancel, 1989). The bacterial contamination of water for livestock does not 
usually cause apparent production problems (Guyer, 1977). Madsen and Ghiorse 
11 
 
(1993) explored the suitability of groundwater habitats for microbial growth, and 
compared groundwater environments to other aquatic habitats (lakes, river, 
streams, and wetland) they found that microbes were abundant and most surface 
materials contained bacteria which could be cultured.  
        Bacterial contamination can result from a number of sources. Human and 
animal wastes are primary sources of bacteria in water. These sources of bacterial 
contamination include runoff from feed lots, pasture, dog runs, and other land areas 
where animal wastes are deposited; Additional sources include leakage or 
discharge from septic tanks and sewage treatment facilities. Bacteria from these 
sources can enter wells that are either open at the land surface, or do not have 
water–tight casings or caps, or not have agrout seal in the annular space (the space 
between the wall of the drilled well and the outside of the well casings). Bacterial 
contamination cannot be detected by sight, smell or taste. The only way to know if 
a water supply contains bacteria is to have it tested. Frequency of testing depends 
on the size of population served (Sharett et al, 1980). New York State Department 
of Health (2005) stated that coliform bacteria are found in the digestive tract of all 
birds and mammals. Most coliform are not harmful themselves, but point to an 
unsanitary condition and possible presence of disease-causing organisms. The 
coliform bacteria may not produce disease but can be indicator of pathogenic 
disease (Sharoon, 2004). 
    Skipton et al. (2004) recommended that drinking water from private wells 
should be tested for the presence of bacteria at least once a year or when work has 
been done to the water supply system or any time there is any change in water. 
The drinking water quality standard for coliform bacteria is set at less than one 
coliform organism per 100ml of water. 
2. 7. Bacteria as indicator of water sanitary quality 
Supplies of drinking water contaminated with sewage or other excreted 
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matter from man and unimals cause diseaese. In the interest of public health, 
supplies should be tested regularly to confirm their freedom from such 
contamination (Collee et al., 1996). 
Coliforms, therefore, are indicator organisms whose presence may used to 
indicate faecal pollution of a given water source. This group has long been used to 
indicate sanitary quality of water (Mahgoub, 1984). 
2. 8. Type of bacteria 
       Any of several thousand types of bacteria of bacteria (both non pathogenic 
and pathogenic) can contaminate water supply. Water testing laboratory use a 
single procedure, the total coliform bacteria test, to find out whether the water is 
free of bacteria. First, they filter a water sample and incubate it, if bacteria are 
there, they will grow under ideal laboratory conditions. After incubation, the 
colonies of bacteria are easy to count. Most coliform bacteria do not transmit 
diseases but they are a very common group of bacteria. They are used as indicator 
that harmful bacteriamy be present. If there are coliform bacteria persent in the 
water supply, then the water is declared unsafe to drink. If sample comes back with 
high coliform counts, the means that the water entering the wellis not being filtered 
enough by the soil. Here are some ways where by contaminated water may enter a 
well: 
• Water may leak in through aloose or cracked cover. 
• Water may flow down the side of the well casing without being 
filtered by soil. 
• Water may come through the side of dug well (without adequate soil 
filteration). 
• Bacteria may be added when the well is repaired. 
• The groundwater supplying the well may be contaminated with 
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bacteri. 
The most important thing to remember is this: If the well is properly constructed and the 
quality of water feeding the well is free of bacteria, one should have no coliform bacteria in the 
well. 
If total coliform bacteria are present, you may want to check for faecal 
coliform bacteria also. These bacteria come from the gut of warm-blooded animals. 
If they are present, there’s a chance that animal or human waste is entering the 
water source. Some water laboratories specify the faecal indicator found, species 
whether it is E.coli or Pseudomonas spp., or other. This can help one figure out if 
the bacteria came from animals or humans, but it is often hard to tell whether the 
faecal bacteria is from animal or human waste. One may need to test for detergents 
to find out if septic waste is the culprit.  
      Whatever the bacterial source, one should not drink water with any coliform 
bacteria present. The water supply may have disease-cuasing organism. The only 
alternative is to boil the water for at least a minute before cooking or drinking 
(Plowman, 1989). 
2. 4. 1. Microbial parameters  
       A number of documents contain detailed information on taking samples for 
analysis of microbial parameters and their storage and transportation (WHO, 1997; 
Anon, 1994; APHA, AWWA, WEF, 1998). However, there are several key points 
that are summarized below: 
• For examination care should be taken that the samples are 
representative of the water examined. This has implications in terms of the 
location and construction of the sampling points, the frequency of sampling 
and also the aseptic technique employed by the sampler. 
• If the sample contains disinfectant (such as chlorine, chloramines, 
chlorine dioxide or ozone), sterile sodium thiosulphate should be included in 
the sample container in order to neutralize any residues. The concentration 
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of the residues disinfectant and the pH at the sampling point should be 
determined at the time of collection. 
• In order to minimize changes in the microbial content, samples should 
not be exposed to light and should be rapidly cooled to between 4-10 C. 
WHO and UNEP recommend that if samples can not be cooled they should 
be examined within two hours of sampling (Bartram and Ballance, 1996). 
Examination of cooled samples should begin as soon as possible after 
collection, ideally within six hours, with 24 hours being considered the 
absolute maximum (WHO, 1997; Bartram and Ballance, 1996). 
2. 4. 2. The coliform group 
             Coliform organisms, better referred to as total coliforms to avoid confusion 
with others in the group, are not an index of faecal pollution or of health risk, but 
can provide basic information on source water quality.     Total coliforms have 
long been utilized as a microbial measure of drinking water quality, largely 
because they are easy to detect and enumerate in water. 
In general, definition of coliforms  has been based around  the following                     
characteristics: Gram-negative, non-spore-forming, rod-shaped, bacteria capable of 
growth in the presence of bile salts or other surface-active agents with similar 
growth-inhibiting properties, oxidase-negative, fermenting lactose at 35-37C with 
the production of acid, gas, and aldehyde within 24-48 hours. There has recently 
been a move towards a genotypic definition based on the recognition that in order 
to ferment lactose, organisms must possess glycosidase activity. Total coliforms 
are defined as members of a genus or species within the family Enterobacteriaceae 
capable of growth at 37C and possessing galactosidase. Because total coliforms of 
non-faecal origin can exist in natural waters, their presence can occasionally be 
tolerated in unpiped or untreated water, in the absence of more specific index 
parameters. Where it can be demonstrated that coliforms in water are not faecally 
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derived and are, thus, of no sanitary significance, expenditure to achieve their 
eradication may be considered (WHO, 1993). 
2. 4. 3. Thermotolerant (‘faecal’) coliforms: 
         The term ‘faecal coliforms’, although frequently employed, is not correct: the 
correct terminology for these organisms is ‘thermotolerant coliforms’. 
Thermotolerant coliforms are defined as the group of total coliforms that are able 
to ferment lactose at 44-45C. They are comprised of the genus Escherichia and, to 
a lesser extent, species of Klebsiella, Enterobacter, and Citrobacter, (Fujioka et 
al., 1999). 
      Thermotolerant coliforms other than E. coli may originate from organically 
enriched water such as industrial effluents or from decaying plant materials and 
soils. In tropical and subtropical waters, thermotolerant coliform bacteria may 
occur without any obvious relation to human pollution and have been found on 
vegetation in the tropical rainforest. This means that the occurrence of the 
thermotolerant coliform group in subtropical or tropical waters or those enriched 
with organic wastes does not necessarily suggest faecal contamination by humans. 
However, their presence in treated waters should not be ignored, as the basic 
assumptions that pathogens may be present and that treatment has been inadequate 
still hold good (WHO, 1993). 
      Thermotolerant coliforms are a less reliable index of faecal contamination than 
E. coli although, under most circumstances and especially in temperate areas, in 
surface water their concentrations are directly related to E. coli concentrations. 
Their use for water-quality examination is therefore considered acceptable when 
no other method is available (WHO, 1993). 
2. 4. 4. Escherichia coli:  
      Escherichia coli is a taxonomically well defined member of the family 
Enterobacteriaceae, and is characterized by possession of the enzymes 
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galactosidase and glucuronidase. It grows at 44-45C on complex media, ferments 
lactose and mannitol with the production of acid and gas, and produces indole from 
tryptophane. However, some strains can grow at 37C but not at 44-45C, and some 
do not produce gas. E. coli does not produce oxidase or hydrolyse urea (WHO, 
1993). 
       E. coli is abundant in human and animal faeces, and in fresh faeces. It is 
found in sewage, treated effluents, and all natural waters and soils subject to recent 
faecal contamination, whether from humans, wild animals or agricultural activity. 
It has been suggested E. coli may be present or even multiply in tropical waters not 
subject to human that faecal pollution (Fujioka et al., 1999). Because animals can 
transmit pathogens that are infective to humans, the presence of      E. coli must not 
be ignored, because, as with the presence of thermotolerant coliforms, the 
presumption remains that the water has been faecally contaminated and that 
treatment has been ineffective. 
      The detection of E. coli in water leaving a treatment works is of the same 
significance as any other coliform organism, but its absence does not necessarily 
indicate that pathogens have been eliminated 
       Because E. coli is indicative of recent faecal contamination, with any 
positive finding consideration should be given to whether steps need to be taken to 
protect consumers. In the event of more than one related sample containing 
 E. coli, or the recognition of other significant features such as treatment 
aberrations, the issue of advice to boil water intended for drinking may be 
considered appropriate. 
      New York State Department of Health (2005) stated that most coliform 
bacteria do not cause disease. However, some rare strains of E.coli, particularly the 
strain 0157; H7, can cause serious illness. Recent out breaks of disease by E.coli 
0157; H7 have generated much public concern about this organism. E.coli 0157; 
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H7 has been found in cattle, chickens, pigs, and sheep. Most of the repoted human 
cases have been due to eating undercooked hamburger, but cases caused by 
contaminated drinking water supplies are rare.  
        The most basic test for bacterial contamination of water supply is the test for 
total coliform bacteria. Total coliform counts give a general indication of the 
sanitary condition of a water supply (New York State Department of Health, 
2005). 
Several studies have shown that bacteria such as E.coli are destroyed by the 
bacteria population in the rumen of cows, therefore though determining the number 
of bacteria such as E.coli in the water supply is essential for human consumption; it 
is of little value for animals (Harris, et al., 1992). 
2. 4. 5. Enterococci and Faecal Streptococci: 
        Faecal Streptococci are more resistant to stress and chlorination than E.coli 
and the other coliform bactreria. Although both faecal streptococci and enterococci 
remain in use as monitoring parameters in drinking water, enterococci appear 
likely to supplant faecal streptococci as the parameter of choice as they are clearly 
of faecal origin from warm blooded animals. Enterococci, as an index of faecal 
pollution, can also be used to complement E. coli in catchment assessment, in 
tropical climates (where E. coli is less appropriate because of the suspicion of 
multiplication) and in ground water source evaluation. Enterococci can also serve 
as an additional indicator of treatment efficiency. They are highly resistant to 
drying and thus may be valuable for routine control after new mains are laid or 
distribution systems are repaired, or for detecting pollution of groundwater or 
surface waters by surface run-off. In the UK they have been used to assess the 
significance of doubtful results from other organisms (Gleeson and Gray, 1997). 
2.4.9. Bacteriophages 
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      Bacteriophages (also known simply as phages) are viruses that only infect 
bacteria. Leclerc (2000) has reviewed the literature on the use of bacteriophages 
and concludes that they have significant limitations as indices of faecal pollution 
and enteric viruses. However, other published evidence indicates that 
bacteriophages have potential value as indices of faecal contamination and 
indicators of treatment effectiveness (Sobsey et al., 1995; Grabow, 2001). 
2.4.11.  Pseudomonas aeruginosa and Aeromonas spp. 
       Aeromonas and Pseudomonas spp. are Gram-negative, rod-shaped, oxidase 
positive, non-spore-forming bacteria that are environmentally widespread, with 
some being opportunistic pathogens.  
       Ps. aeruginosa is commonly found in faeces, soil, water, and sewage but 
cannot be used as an index of faecal contamination, since it is not invariably 
present in faeces and sewage, and may also multiply in the enriched aquatic 
environment and on the surface of organic materials in contact with water (Collee 
et al., 1996). However, its presence may be one of the factors taken into account in 
assessing the general cleanliness of water distribution systems. Its presence may 
lead to deterioration in bacteriological quality, and is often associated with a rise in 
water temperature or low rates of flow in the distribution system, and consequent 
complaints about taste, odour, and turbidity. 
       Aeromonas shows no particular association with faecal pollution. Most 
drinking water treatment processes reduce the numbers of Aeromonas to below 
detectable levels, but treated distributed water can contain larger numbers as a 
result of regrowth in mains and storage reservoirs. Regrowth of Aeromonas 
depends on the organic content of the water, temperature, the residence time in the 
distribution network and the presence of residual chlorine (WHO, 2001). Neither 
Pseudomonas nor Aeromonas are indices of faecal pollution, but they may be 
useful in assessing regrowth in distribution systems. 
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2. 5. Water related diseases: 
       The water related diseases are either water borne disease, water washed 
disease, disease transmitted by water related insects vector or water based diseases 
(Madsen, 1993). It has been estimated that half of the world’s population has 
suffered from diseases caused by polluted water (Barabaras, 1986). Water-related 
diseases and illness are responsible for the loss of productivity and deaths of 
millions, perhaps even billions, of people in the developing world. The United 
Nations reported, for example, that the death of most of the children in Africa who 
die under the age of five is caused by inadequate and unsafe water supplies 
(Loucks, 1994). The faecal-oral diseases include the well known water-related 
diseases that are often fatal, such as cholera and typhoid fever, but also the many 
common diarrheal diseases that particularly affect young children in developing 
countries, contributing to malnutrition and death. In fact, these diarrheal diseases 
are often responsible for more child mortality than any other cause of death (WHO, 
1991). Intestinal bacterial pathogens are widely distributed throughout the world. 
Those known to have occurred in contaminated drinking-water include strains of 
Salmonella, Shigella, enterotoxigenic Esherichia coli, Vibrio cholerae, Yersinia 
enterocolitica and Campylobacter fetus. These organisms may cause diseases that 
vary in severity from mild gastroenteritis to sever and sometimes fatal dysentery, 
cholera or typhoid (WHO, 1984). Heterotrophic plate count (HPC) bacteria in 
drinking-water often include isolates from the following genera: Pseudomonas, 
Acinetobacter, Moraxella, Aeromonas and Xanthomonas. Other bacteria that are 
commonally found are these genera contain species that are opportunistic 
pathogens which may cause serious diseases. For example, the three non 
fermentative Grame-negative rods most frequently isolated in the clinical 
laboratories are Pseudomonas aeruginosa, Acinetobacter and Xanthomonas 
maltophillia. P.aeruginosa is major’s cause of hospital-acquired infections with a 
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high mortality rate. Aermonas is sometimes associated with wound infections and 
is suspected to be causative agent of diarrhea. Legionella pneumophila cause 4-
20% of the cases of community-acquired pneumonia and has been ranked as the 
second or third most frequent cause of pneumonia requiring hospitalization. The 
number of cases of pulmonary disease associated with Mycobacterium avium is 
rapidly increasing and is approaching the incidence of M. tuberculosis is areas. 
Moraxella can cause infections of the eye and the upper respiratory tract (Rusin et 
al., 1997). Opportunistic pathogens are naturally present in the environment and 
are not formally regarded as pathogens. They are able to cause disease in people 
with impaired local or general defense mechanism, such as the elderly or the very 
young patients with burns or extensive wounds, those undergoing 
immuosuppressive therapy or those with acquired immunodeficiency syndrome 
(AIDS). Water used by patients for drinking or bathing, if it contains large number 
of these organism, can priduce various infections of the skin and the mucous 
membranes of the eye, ear, nose and throat. Examples of such agents are P. 
aeruginosa and species of Flavobacterium, Acinetobacter , Klebsilla, Serratia, 
Aeromonas and certain “slow growing”  Mycobacteria. 
        Ascertain serious illness results from the drinking of water in which the 
causative organism has multiplied because of worm temperatures and the presence 
of nutrients. This includes Legionnaires’ disease (Legionella spp.) (WHO, 1993). 
        Among viral diseases, most types of human pathogenic viruses can be 
excreted by man and can find their way into sewage. Those of the greatest concern 
in the water cycle cause gastrointestinal illness and are known as enteric viruses. 
They include enteroviruses, asteroviruses and other (West, 1991). Infectious 
hepatitis (hepatitis A virus) is virus-mediated inflammation of the liver caused by 
picornavirus which is transmitted primarily through faecal contamination of water 
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and food (Madigan et al., 1997), another type of viral disease is poliomyelitis, 
which is caused by poliovirus (Kalbermatten et al., 1980). 
        Parasitic infections caused by protozoa include such as African 
trypanosomiasis, chagas disease and cutaneous and visceral leshmaniasis (WHO, 
1993). Among the protozoan parasities, Giardia lamblia (causative agent of 
giardiasis) and Entamoeba histolytica (causative agent of amebiasis) are common 
pathogenic protozoa transmitted to human primarily by contaminated water 
(Madigan et al., 1997; Pacha et al., 1987; Leahy et al., 1987). Serious illnesses are 
also caused by the amoebae Naegleria fowleria (primary amoebic 
meningoencephalitis) and Acanthamoeba spp.(amoebic meningitis, pulmonary 
infections) (WHO, 1993). 
             Guinea worm and schistosomiasis are also important parasitic water-
borne diseases. Guinea worm is estimated to afflict millions of people living in 
sub-Sahara Africa, India and Pakistan. Schistosomiasis in affects evens more 
millions of people (Loucks, 1994). There are three important human schistosome 
species; S. haemotobium, S. mansoni, and S. japonicum. Infection is acquired by 
water contact and that is why schistosomiasis is called a water-based rather than a 
water-borne disease (Rodger et al., 1990). 
Table (2): Disease related to water  (Medesn 1993). 
Disease Type of water relation ship 
Cholera 
Infectious hepatitis 
Typhoid 
Paratyphoid 
Amoebic dysentery 
 
 
Water- borne 
 
 
Castroenteritis  
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Bacterial dysentery 
Ascariasis  
Conjunctivitis 
Leprosy  
Scabies 
Tina saginate  
Trachoma 
 
 
Water-washed 
 
 
 
 
Malaria 
Onochocerocasis 
Yellow fever 
 
Water-related 
Insect-vector 
          Schistosomiasis 
          Guinea worm 
 
Water- based 
                                             
 
 
 
 
 
Table (3): Microbiological guidelines of drinking water by WHO (1993), 
U.S. EPA (1996) and Sudanese standards and Metrology Organization 
Standard Organisms Permissible value 
 
 
 
 
WHO 
1.All water intended for 
drinking:- 
a. E. coli or thermo-tolerant 
coliform bacteria 
b. Pathogenic intestinal 
protozoa 
   
 
 
Must not be detected in 100 
ml samples 
 2. Treated water entering the  
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U.S.EPA 
distribution system: 
a. E. coli or thermo-tolerant 
coliform bacteria 
b. Total coliform bacteria 
c. Pathogenic intestinal 
protozoa   
  
 
 
 
 
Must not be detected in 100 
ml samples 
 
 
 
 
 
 
 
SSM.O 
3. Treated water in the 
distribution system: 
a. E. coli or thermo-tolerant 
coliform bacteria 
 
b. T. coliform 
 
 
 
 
 
     
 
 c. Pathogenic intestinal  
protozoa   
 
 
 
 
Must not be detected in 100 
ml samples 
 
Must not be detected in 100 
ml samples. In case of large 
supplies where sufficient 
samples are examined, must 
not be present in 95% OF 
samples taken throughout 
any 12 month period. 
 
Must not be detected in 100 
ml samples 
 
 
 
CHAPTER THREE 
Materials and Methods 
 
3. 1.The study area: 
        The area of study was Khor Arbaat well field (between the upper and lower 
gates), 30 Km NNW of Port Sudan. The analysis also extended to the water storage 
facilities and service pipes within the city. Recently, some private desalination water 
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stations were constructed to treat the Sea water or ground water and these included 
in the study. 
3.2. Water Sample Collection and Site Locations  
        Water samples were collected in sterile 250ml glass bottles, placed on ice 
and transported to the laboratory to be tested within six hours. Water samples were 
collected regularly weekly from the main source to distribution system at different 
locations. There were five sites of sample collection at Khor Arbaat and three sites 
of samples collection at Port-Sudan City. 
(A) Khor Arbaat (main source):- 
- Site 1: Saraf at the upper gate. 
- Site 2: Main Dam 
- Site 3: Water Runoff (surface water) 
- Site 4: Wells (underground water at lower gate) 
- Site 5: Manhole connection (surface water and ground water) 
(B) Port-Sudan Water Supply System:- 
- Site1: Protected reservoirs (Elageen, Elthawra, Elaskela and reservoir No (3) 
- Site 2: Houses supplied from distribution network 
- Site 3:  Private desalination water 
 
3. 3. Preparation of culture media and reagents: 
3. 3. 1. Reagents and indicators: 
3. 3. 1. 1. Reagents: 
 Most reagents were obtained from British Drug House (BDH).  
3. 3. 1. 1. 1. Sodium chloride/normal saline:  
 Normal, physiological, or isotopic saline was prepared as described in Oxide 
manual by dissolving 8.5 g of sodium chloride in 1 liter of distilled water to obtain 
0.85% concentration.  
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 3. 3. 1. 1. 2. Hydrogen peroxide (H2O2) (BDH): 
 This was prepared as 3% aqueous solution and used for catalase test. 
 3. 3. 1. 1. 3. Potassium hydroxide (Hopkin and Williams): 
 This was prepared as 40% solution and used for V. P test.  
 3. 3. 1. 1. 4. Kovac’s reagent: 
 This reagent composed of 5g of para–dimethyl amino benzaldehyde, 75 ml 
amyl alcohol and 25 ml concentrated hydrochloride acid. 
 3. 3. 1. 1. 5. Lead acetate: 
 Filter paper 4–5 mm wide and 50-60 long were impregnated in lead acetate 
saturated solution and then dried. It was used for hydrogen sulphide production 
test.  
 3. 3. 1. 1. 6. Potassium hydroxide and hydrochloric acid:  
     Solutions of potassium hydroxide and hydrochloric acid were used to adjusting 
pH.  
 3. 3. 1. 1. 7. Methyl red solution (BDH): 
 This solution was prepared by dissolving 0.04 g of methyl red in 40 ml 
ethanol and volume was made up to 100 ml with distilled water. 
 3. 3. 1. 1. 8. Alpha–naphthol solution (Hopkin and Williams): 
 This solution was prepared as 5% solution and used for V. P test. 
 3. 3. 1. 1. 9. Tetramethyl–P–phenyline diahyrochloride (Hopkin and 
Williams): 
 This reagent was prepared as 1% aqueous solution and it was used for 
oxidase test. 
 3. 3. 1. 1. 10. Gram stains reagents: 
 3. 3. 1. 1. 10. 1. Lugol’s iodide: 
Formula: 
• Potassium Iodine ……………20 g 
26 
 
• Iodine ………………………10 g 
• Distilled water ……………….1 liter 
 
  Potassium iodide was dissolved in water. Iodide was added to potassium 
iodine solution and mixed well. The solution was made up to 1 liter with distilled 
water mixed well and then stored in dark place at room temperature. 
3. 3. 1. 1. 10. 2. Crystal violet: 
Formula: 
• Crystal violate………….….20.0 g 
• Ammonium oxalate…………9.0 g 
• Ethanol ……………..Up to 95 ml 
 
 Alcohol was added to crystal violet and mixed well until the dye was 
completely dissolved. Ammonium oxalate was weighted and dissolved in about 
200 ml of distilled water, added to stain and made to 1 liter with distilled water and 
mixed well then stored at room temperature.  
3. 3. 1. 1. 10. 3. Acetone–alcohol decolorizes: 
Formula: 
• Acetone………………………500 ml 
• Ethanol or methanol, absolute…475 ml 
• Distilled water………………….25 ml 
 
           Distilled water was mixed well with alcohol; acetone was measured and added 
immediately to alcohol solution, mixed well and stored at room temperature. 
3. 3. 1. 1. 10. 4.  Diluted carbol fuchsin: 
              One volume of strong carbol fuchsin was added to 10–20 volume of 
distilled water to prepare diluted carbol fuchsin.  
Strong carbol fuchsin consists of two solutions: 
1. Solution A: 10 g of basic fuchsin were mixed with 10 ml of ethanol 
(95%) and dissolved in stoppered bottle and kept at 37C overnight. 
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2. Solution B: 5 g of phenol were mixed with 100 ml of distilled water 
and dissolved. 
Strong carbol fuchsin was prepared by pouring 10 ml of solution A into 100 ml 
of solution B.  
 3. 3. 1. 2. Indicators: 
 3. 3. 1. 2. 1. Bromothymol blue (BDH): 
 This was prepared by dissolving 0.2 g of bromothylmol blue powder in 100 
ml distilled water. 
 3. 3. 1. 2. 2. Andrade’s indicator: 
 It composed of acid fuchsin 5 g, distilled water 1 liter and N–NaOH 150 ml. 
It was prepared by dissolving the acid fuchsin in distilled water then 150 ml of 
alkali solution was added, mixed and allowed to stand at room temperature for 24 
hr with frequently shaking until the color changed from red to brown.  
3. 3. 2. Culture media: 
3. 3. 2. 1. Liquid media: 
Lauryl Trptose Broth (Oxoid): 
Code No. 451 
FORMULA 
1. Tryptose …………………………….20g                       
2. Lactose……………………………….5g 
3. Sodium Chloride……………………..5g 
4. Di-Potassium Hydrogen Phosphate….2.75g 
5. Sodium Lauryl Sulphate……………..0.1g 
pH        6.8 ± 0.2 
              To rehydrate the medium, 35.6 g were suspended in1 liter of distilled 
water. Allowed to soak for 10 min, and then swirled to mix. Dispensed into tubes 
or bottles with inverted Durham tubes. Sterilized by autoclaving at 121C for 15 
min.   
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  3. 3. 2. 1. 4. Membrane Lauryl sulphate Broth (Oxoid): 
Code No. 
FORMULA 
1. Peptone ………….. ………… 5 g 
2. Yeast Extract………………… 6 g 
3. Lactose……………………… 30 g 
4. Phenol red…………………... 50 g 
5. Sodium lauryl sulphate………. 1 g 
6. Distilled water……………. 1000 ml  
 
3. 3. 2. 1. 5. MR–VP medium (Oxoid): 
Code No. CM 43 
FORMULA 
7. Peptone  (Oxoid L49) ………… 5 g 
8. Dextrose …………………….…. 5 g 
9. Phosphate buffer …………….… 5 g 
pH         7.5 
              Of the powder, 15 g were added to 1 liter of distilled water. Mixed well, 
distributed into final containers and sterilized by autoclaving at 121C for 15 min. 
3. 3. 2. 1. 5. Nitrate medium (Barrow and Feltham, 1993): 
 FORMULA 
1. Potassium nitrate………………… 0.2 g 
2. peptone …………………………. 5.0 g 
 
              Solid ingredients were dissolved into 1000 ml distilled water. The medium 
mixture was distributed in 5 ml amount in test tubes and then autoclaved for 15 
min at 121C. 
3. 3. 2. 1. 6. Peptone Water (HIMEDIA): 
Code No. M 028 
FORMULA 
1. Peptic Digest of animal tissue ……....10.0 g 
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2. Sodium Chloride ……………………5.0 g 
pH        7.2 ± 0.2 
              To rehydrate the medium, 15 g were suspended in 1000 ml distilled water, 
mixed well, dispensed into tubesand Sterilized by autoclaving at 121C for 15 min. 
3. 3. 2. 1. 7. Peptone Water Sugars (Barrow and Feltham, 1993): 
FORMULA 
1. Peptone water...……………10 g 
2. Carbohydrates... …………. 10 g 
3. Andrade’s indicator………..10 ml 
 
              Solid ingredients were dissolved in 1000 ml distilled water. The pH was 
adjusted to 7.1-7.3 before the addition of Andrade’s indicator. The complete 
medium was mixed, distributed into 2 ml volumes into test tubes containing 
Durham’s tube (for gas trapping in case of glucose) and sterilized by autoclaving at 
115Cfor 10 min.  
3. 3. 2. 2. Semisolid media: 
3. 3. 2. 2. 1. Motility test medium–Cragie tube medium (Barrow and Feltham, 
1993):  
FORMULA 
1. Nutrient broth (Oxoid)…….. 13 g 
2. Agar (Oxoid agar No. 1) ……5 g 
 
              Of dehyetrated nutrient broth, 13 g were added to 5 g of agar and were 
dissolved in 1 liter of distilled water. The pH was adjusted to 7.4. The medium was 
then dispended in volumes of 5 ml into 20 ml capacity test tubes containing Cragie 
tubes. The medium was then sterilized by autoclaving at 121C for 15 min. 
3. 3. 2. 2. 2. Oxidation–fermentation medium (Barrow and Feltham, 1993): 
FORMULA 
1. Peptone …………………….…………2.0g 
2. Sodium Chloride ……………………...5.0g 
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3. Di-potassium hydrogen orthophosphate.0.3g 
4. Dextrose ……………………………..10.0g 
5. Agar (Oxoid agar No. 1)…………........3.0g 
6. Bromothymole blue …………………...15ml 
pH 7.1 
              The solid ingredients were dissolved in 1000 ml distilled water and the pH 
was adjusted before the indicator and agar were added. The medium was then 
dispensed in tubes and sterilized by autoclaving at 121C for 15 min. 
3. 3. 2. 3. Solid media: 
3. 3. 2. 3. 1. Ammonium salt sugars (ASS) (Barrow and Feltham, 1993): 
FORMULA 
1.  (NH4)2HPO4 …………………………..... 1.0 g   
2. KCL ……………………………0.2g  
3. MgSO4.7H2O…………………...0.2g  
4. Yeast extract…………………….0.2g 
5. Agar …………………………...20.0g 
6. Distilled water……………….10.00 ml  
7. Bromocrysol purple…… 0.2% 0.04 ml.  
    
              Solids were added to distilled water and dissolved by steaming then 
indicator was added and sterilized by autoclaving at 115C for 20 min. The basal 
medium was allowed to cool to about 60C and then appropriate carbohydrate was 
added as a sterilized solution to give final concentration 1%, mixed and distributed 
aseptically into sterile tubes that allowed solidifying in an inclined position so that 
the medium set in slope and butt. 
3. 3. 2. 3. 2. Bile Esculin Azide Agar (Barrow and Feltham, 1993): 
FORMULA 
1. Oxbile, dehydrated …….……40.0 g 
2. Esculin …………………….….1.0 g 
3. Ferric citrate ………………….0.5 g 
4. Sodium azide …………………0.2 g 
5. Agar …………………….…..15.0 g 
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6. Nutrient broth ………………..1000 ml 
 
              All of the ingredients except esculin were dissolved by heating. Allowed 
to cool and then esculin was added. The medium was then dispensed in screw–
capped bottles, sterilized at 115C for 20 min and allowed to set as slopes. 
3. 3. 2. 3. 3.  Kligler Iron Agar (KIA) modified (HIMEDIA): 
Code No. – M078A 
FORMULA 
1. Casein Enzymic Hydrolysate …………..20.0 g 
2. Beef Extract …………………………….3.0 g 
3. Yeast Extract ………………………...…3.0 g 
4. Sodium Chloride ………………………..5.0 g 
5. Lactose  ……………………………....10.0 g 
6. Glucose (Anhydrous) …………………...1.0 g 
7. Ferrous sulphate ………………………..0.2 g 
8. Sodium Thiosulphate, 5H2o ………….…0.3 g 
9. Phenol Red ……………………………..0.25 g 
10. Agar ……………………………….....15.0 g 
Final pH 7.4 ± 0.2 
              T o rehydrate the medium, 57.3 g of the powder were suspended in 1000 
ml distilled water and boiled until dissolved completely. The medium was then 
dispensed in tubes and sterilized by autoclaving at 121C for 15 min. The tubes 
were allowed to cool in slanted position. 
3. 3. 2. 3. 4.  MacConkey Agar (Oxoid): 
Code No. – Powder CM115 
FORMULA 
1. Peptone (Oxoid L37) ……………… 20.0 g 
2. Lactose …………………………..…10.0 g 
3. Bile salts No 3(Oxoid L56)………..…..5.0 g 
4. Sodium chloride ………..……………..5.0 g 
5. Neutral red …………………………...0.03 g 
6. Crystal violet ……………………......0.001 g 
7. Agar No. 3 (Oxoid L13).....………..…15.0 g 
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pH 7.1 
              Of the powder, 51.5 g were suspended in 1 liter of distilled water, brought 
to boiling until dissolved completely then sterilized by autoclaving at 121C for 15 
min. The medium was then cooled to about 50C and aseptically poured into sterile 
Petri dishes in 20 ml amount 
3. 3. 2. 3. 5. Nutrient Agar (Oxoid): 
Code No. – Powder CM3 
FORMULA 
1. 'Lab-lemco' powder (Oxoid L29) …... 1 g 
2. Yeast Extract (Oxoid L20) ………..….2 g 
3. Peptone (Oxoid L37) …………….......5 g 
4. Sodium chloride ………..…………….5 g 
5. Agar No. 3 (Oxoid L13) ….…………15 g 
pH 7.4 
              To rehydrate the medium, 28 g were suspended in 1 liter of distilled water, 
brought to boiling until dissolved completely then sterilized by autoclaving at 
121C for 15 min. The medium was then cooled to about 50C and aseptically 
distributed in 20 ml amount per sterile Petri dish. 
3. 3. 2. 3. 7. Simmon's Citrate Agar (Difco): 
Code No. (B 91) 
FORMULA 
1. Magnesium Sulfate………………….0.2 g 
2. Ammonium Dihydrogen Phosphate…1.0 g 
3. Dipotasium Phosphate …………...…1.0 g 
4. Sodium Citrate …………………...…2.0 g 
5. Sodium Chloride ……………………5.0 g 
6. Bacto–Agar …………..………..…..15.0 g 
7. Bacto–Brom Thymol Blue …..….…..0.08 g 
 
              To rehydrate the medium, 24.2 g were suspended in 1000 ml 
distilled water and heated to boiling until dissolved completely and the pH was 
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adjusted to 7.0. The medium was then dispended into Bijou bottles in portions of 5 
ml each and sterilized in the autoclave for 15 min at 121C. Then the medium was 
left to solidify in slope position. 
3. 3. 2. 3. 8. Urea Agar Base (Oxoid): 
Code No. CM53 
FORMULA 
1. Peptone (Oxoid L37) ……………...…1.0 g 
2. Dextrose ………………………..…...1.0 g 
3. Sodium Chloride ……………………..5.0 g 
4. Disodium Phosphate …………………1.2 g 
5. Potasium Dihydrogen Phosphate ….….0.8 g 
6. Phenol red …..……………………....0.012 g 
7. Agar No.3 (Oxoid L13) ……………..15.0 g 
pH 6.8 
              To rehydrate the medium, 2.4 g were suspended in 95 ml of distilled 
water, brought to boiling until dissolved completely. The medium was then 
sterilized by autoclaving at 115C for 20 min, cooled to 50C and aseptically 5 ml 
sterilized distilled water to which 2 g of urea extra pure were dissolved, were 
added to it. Mixed well and distributed in 7 ml. amounts into sterilized containers 
and allowed to set in slope position. 
3.4. Bacterial Examinations:-  
3.4.1. Enumeration of coliform bacteria:- 
           Total coliform (TC) and faecal coliform (FC) were enumerated by 
Membrane Filtration (MF) technique and Most Probable Number (MPN) 
fermentation technique at the Laboratory of Red Sea Water Corporation were used 
in the present study, also statistical tables were used to interpret the results to give 
(MPN) of bacteria . Count represents the total number of bacteria as Colony 
Forming Unit (CFU), per 100ml.  
3. 4. 3. Enumeration of total coliforms 
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    Total coliforms were isolated and enumerated using the membrane filtration 
technique and growth on membrane lauryl sulphate broth (MLSB). The samples 
were filtered and the membrane was then placed on an absorbent pad soaked in 
MLSB. The plates were then incubated for one hour at room temperature, to aid 
resuscitation, and incubated for a further 23 hrs at 37°C. All yellow colonies 
extending on the membrane were counted with the aid of a magnifying lens and 
recorded as presumptive total coliforms. For confirmation, a representative number 
of characteristic yellow colonies were sub-cultured into tubes of Brilliant Green Bile 
(BGB) broth and incubated at 37°C for 48 hours. Gas production in BGB broth 
confirmed the presence of coliforms. The results were then expressed as the number 
of colonies in 100 ml of original sample as described by APHA.  
3. 4. 4. Enumeration of faecal coliforms 
Faecal coliforms were also enumerated using the membrane filtration 
technique. The plates were incubated at 44C. Sub-cultures for confirmation were 
incubated at 44C for 24 hours. Yellow colonies of various sizes extending on the 
membrane were counted with the aid of a magnifying lens and taken to be 
thermotolerant coliforms (presumptive). Gas production in BGB broth confirmed the 
presence of thermotolerant coliforms. 
3. 4.  Methods of analysis 
 3. 4. 1. MPN Test:- 
         Two methods have been developed for the detection of indicator    bacteria in 
water: multiple tube method and membrane filter method. 
Multiple-tube method: -  
     In the multiple-tube method different amounts of water to be tested were added 
to tubes containing a suitable culture medium. The bacteria present in the water 
reproduce and produce acid with or without gas. From the number of tubes 
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inoculated and the number with a positive reaction, the most probable number 
(MPN) of bacteria present in the original water sample can be determined 
statistically. 
The multiple-tube method is applicable to all kinds of water, it can be used with 
clear, coloured, or turbid water containing sewage or sewage sludge, or mud and 
soil particles, provided that the bacteria are homogeneously distributed in the 
prepared test samples. 
 3. 4. 2. Procedure: 
        Set up following volumes of different strengths of Lauryl Sulphate Broth 
(PHLS/SCA, 1980b), broth in tubes each having an inverted Durham tube to detect 
the presence of gas and add specified volume of water as mentioned: 
     5, 10 ml quantities each to 10 ml of double strength medium. 
     5, 1 ml quantities each to 10 ml double strength medium. 
     5, 0.1 ml quantities each to 10 ml single strength medium. 
     Incubate the tubes at 37C for 18-24 hours for (TC) and at 44C ( in   water 
bath) for (FC). 
     Observe change in colour and appearance of gas in Durham tubes in bottles. 
     The media receiving one or more of the indicator bacteria show growth and a 
colour change which is absent in those receiving an inoculums of water without 
indicator bacteria. Presence of both acid and gas indicates positive reaction 
whereas absence of either or both these features denotes a negative reaction. 
     The presumptive positives were read and remaining negative bottles are re-
incubated for another 24 hours. Any further positives are added to the previous 
figures. The probable numbers of coliforms are read from the probability. 
     From the number and distribution of positive and negative reactions, count of 
the most probable number (MPN) of indicator organisms in the sample may be 
estimated by reference to statistical tables. The test gives presumptive coliform 
36 
 
count as the reaction observed may occasionally be due to the presence of some 
organisms other than coliforms. 
3. 4. 2. 2.  Membrane filtration method: 
 In this method, a measured volume of the water sample is filtered through a 
membrane with a pore size small enough to retain the indicator bacteria to be 
counted .The membrane is  then  placed  and  incubated on a  selective  indicator 
medium, so that the  indicator  bacteria  grow into colonies on its  upper surface. 
These colonies, which are recognized by their colour, morphology and ability to 
grow on the selective medium, are counted (Robert et al, 1995). 
 
3. 5.  Isolation and Purification of Gram Negative Bacteria:- 
       Samples were cultured on MacConkey agar (Hausler and Koontz, 
1970).Eighty isolates were purified, screened and the suspected similar 25 were 
grouped for the purpose of selection and identification processes. 
3. 5.I Identification of some Gram Negative Pathogens 
       Twenty five isolates out of eighty from examined water samples were 
subjected to identification by biochemical characteristics using Cowan and Steel 
(1974) and Brenner (1984). 
3. 5.1. Gram stain: 
For the Gram stain, four step processes were followed after smears were air–dried, 
fixed by heat and stained by: 
1. A primary stain (crystal violet) was applied for one minute.  
2. An iodine solution (acts as mordant: it causes the primary stain to 
adhere to the cells better) was applied for two minutes. 
3. Rinsed with acetone or 95% ethyl alcohol (decolorizer) for few 
seconds. 
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4. A counter stain (dilute carbol fuchsin) was applied for 0.5 minutes. Gram –
positive cells retained the crystal violet stain. Gram- negative cells loosed the 
crystal violet during the decolorizing step and were then colored by the counter 
stain. (Wilkes University, 1998).  
3. 5.2. Biochemical tests: 
              These tests were used for more detailed identification of isolated 
organisms, to determine the genus and species of bacteria. The biochemical tests 
used included:  
3. 5. 2. 1. Indole production: 
              Testing for indole production was important in the identification of 
enterobacteria. Most strains of E. coli break down the amino acid tryptophan with 
the release of indole.  Tubes of peptone water were inoculated with the test 
organism and incubated for 24 ± 2 hr at 35C and were test for indole production by 
adding 0.2–0.3 mL of Kovacs' reagent. Appearance of distinct red color in upper 
layer was a positive test. 
3. 5. 2. 2. Voges–Proskauer (VP)–reactive compounds: 
              The tubes of MR-VP broth medium were inoculated with the test 
organism and incubated for 48 ± 2 hr at 35C. 1 mL of the medium was transfered 
to 13 x 100 mm tube and 0.6 mL -naphthol solution and 0.2 mL 40% KOH were 
added. The tubes were then shaked and left to stand for 2 hr. The test was a 
positive if eosin pink color was developed. 
3. 5. 2. 3. Methyl red–reactive compounds:  
              After the VP test, MR–VP medium tubes were incubated additional 48 ± 2 
hr at 35C, and then 5 drops of methyl red solution were added to each tube. 
Appearance of distinct red color was a positive test. Yellow color was a negative 
reaction. 
3. 5. 2. 4. Citrate utilization test:  
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              This test was one of several techniques used occasionally to assist in the 
identification of enterobacteria. The test was based on the ability of an organism to 
use citrate as its only source of carbon. Using a sterile straight wire, the slope of 
the medium was streaked with the test organism and then the butt was stabbed. The 
tubes were then incubated for 48 hr at 35C and observed for a bright blue color in 
the medium. Bright blue color was a positive citrate test; no change in color of the 
medium was a negative citrate test.  
3. 5. 2. 5. Gas from Glucose:  
              Tubes of glucose sugar medium were inoculated with the test organism 
and incubated for 7 days at 35C. Gas production (displacement of the medium 
from inner vial (Durham's tube)) was a positive reaction. 
3. 5. 2. 6. Catalase test:  
              This test was used to differentiate those bacteria that produce the enzyme 
catalase such as Staphylococci, from non–catalase producing bacteria such as 
Streptococci. A drop of hydrogen peroxide solution was poured onto a glass slide. 
Using a sterile wooden stick, several colonies of the test organism were removed 
and suspended in the hydrogen peroxide solution and observed for immediate 
bubbling which indicated for a positive test.  
3. 5. 2. 7. Oxidase test:  
              This test was used to assist in the identification of Pseudomonas, 
Neisseria, Vibrio, Brucella and Pasteurella species all of which produced the 
enzyme Cytochrome Oxidase. A piece of filter paper was placed in a clean Petri 
dish and two or three drops of freshly prepared oxidase reagent were added. Using 
a piece of stick or glass rod (not an oxidized wire loop), a colony of the test 
organism was removed and smeared on the filter paper. Development of a blue–
purple color within a few seconds was a positive oxidase test.  
3. 5. 2. 8. Urease test:  
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              Testing for urease enzyme activity was important in differentiating 
enterobacteria. Proteus strains are strong urease producers while E. coli does not 
produce urease. The test organism was heavily inoculated in a bijou or screw–
capped bottles containing 7 ml sterile Christensen's modified urea agar and 
incubated at 35–37C for 24 hr and observed for development of a pink color in the 
medium. Pink color was a positive urease test; no pink color was a negative urease 
test. 
3. 5. 2. 9. Kligler Iron Agar test:  
              This test was used to help identify enterobacteria following isolation on a 
primary selective medium. The test was done by inoculating a tube of KIA 
medium by stabbing the butt and then streaking the slope with a zig–zag 
configuration. The tubes were then incubated overnight at 37C. 
• Yellow (acid) slope and yellow (acid) butt, indicated fermentation 
of glucose and lactose. 
• Pink–red (alkaline) slope and yellow (acid) butt, indicated 
fermentation of glucose but not lactose. 
• Craks in the medium indicated production of gas from glucose 
fermentation. 
• Blackening in the medium indicated production of H2S. 
3. 5. 2. 10. Motility test:  
              This test was used to assist in differentiation of enterobacteria. The test 
organism was stabbed into the Cragie tube inside the motility test medium using a 
straight wire and then incubated at 35–37C overnight. Proteus, E. coli and other 
motile enterobacteria exhibited turbidity and growth throughout the medium 
indicated a positive result, whereas non–motile members, exhibited growth only 
along the line of inoculation inside the Cragie tube.  
3. 5. 2. 11. Sugar fermentation test: 
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               This test was used to assist in differentiation of enterobacteria. 
Carbohydrate medium tubes were inoculated with the test organism, then incubated 
at 37C and examined daily for 7 days. Production of acid was indicated by 
appearance of reddish or pink color in the medium.  
3. 5. 2. 12. Oxidation–fermentation (O/F) test: 
 The test organism was inoculated by stabbing with straight wire loop into 
duplication test tubes of Hugh and Laifsons medium. To one of the test tubes, a 
layer of melted soft paraffin oil was added to the medium to seal it from air; both 
inoculated test tubes were incubated at 37C and were examined daily for 2 weeks. 
Yellow color in open tube only indicated oxidation of glucose, yellow color in both 
tubes denoted fermentation reaction and blue color in open tube and green color in 
sealed tube indicated production of alkali, and green in both tubes indicated no 
oxidation and no fermentation of glucose. 
3. 5. 2. 13. Hydrogen sulphide (H2S) production test:  
 This test was performed by two methods: 
a. Production of H2S in Kligler iron agar (KIA). 
A tube of KIA was inoculated by stabbing the butt and streaking the slope with 
the test organism, and then incubated at 37C. The tubes were observed daily up 
to 7 days for blackening of the butt due to H2S production. 
b. H2S production was also examined by lead acetate paper method. A 
tube of peptone water medium was inoculated with the test organism 
and lead acetate paper was inserted between the cotton plug and tube. 
The tube was then incubated at 37C and examined daily for a week, 
blackening of the paper was considered a positive result. 
3. 5. 2. 14. Nitrate reduction test: 
 The test culture was inoculated into nitrate broth and incubated at 37C for 24 
hr, then 1 ml of solution A followed by 1 ml of solution B of the nitrate test reagent 
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were added. After few minutes’ development of red color was observed. If red 
color didn’t develop, zinc was added to see whether there was residual nitrate or 
not. Red color development indicated reaction by zinc but not by the test organism, 
whereas unchanged color indicated that nitrate in original medium had been 
reduced completely and nitrite was further broken down by the test organism.  
3. 5. 2. 15. Gelatin hydrolysis test: 
         The test culture was inoculated into Nutrient Gelatin with a straight wire and 
incubated at 37C for up to 14 days; Every 2-3 days, place in a refrigerator for 2h 
and then examined for liquefaction. Set up a control tube uninoculated medium in 
parallel.  
3.6. Statistical analysis 
Data presented in this study was analysis by using the 
computer program statistical package for social scientists (SPSS).   
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CHAPTER FOUR 
Results 
      A total of 80 samples were analyzed for total coliform and thermotolerant 
coliform (faecal coliform) by both Membrane Filtration (MF) technique and Most 
Probable Number (MPN) fermentation technique. 
4-1 Incidence of coliform (total coliform) bacteria:  
      Both techniques (MPN) and (MF) detected coliform organisms in tested 
samples. (Table. 4) shows number of total and thermotolerant coliforms collected 
from different sites in Khor Arbaat. The number of total coliform bacteria ranged 
from zero in wells to 1544 in manhole connection cfu/100 ml. 
The results of the total number of bacteria detected in reservoirs are shown 
in (Table. 5) and ranged from 654-1232 cfu/100 ml. 
The total coliforms were not detected in all desalination water samples, 
except in Site A, Tasneem and Mozan by MPN technique only (Table. 7), but 
faecal coliforms were not detected 
4-2. Incidence of thermotolerant coliform (faecal coliform):         
Throughout the duration of the study thermotolerant coliforms were detected in 
Khor Arbaat (main source). Faecal coliforms were detected in samples from 
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manhole connection (Table. 4 and Fig. 2) Faecal coliforms were also detected 
in sample from well No. 72 and No.1 (Table. 4 and Fig. 2)               All water 
samples from reservoirs, and household supply contained total and faecal 
coliform bacteria (Table. 5and Fig. 6) 
 
      
 
 
Table (4-1): Summary of results Khor Arbaat expressed as T.coliforms and 
Thermotolerant coliforms. 
 
T. Coliforms Thermotolerants  Site location 
  MPN MF MPN MF 
Saraf 570±350aBC 535±335aABC 570±350aBC 535±335aAB 
Main Dam 540±0.00aBC 500±0.00bABC 380±160aBC 360±160aBC 
Moani Dam 1260±340aAB 920±0.00aAB 1260±340aC 405±395aC 
Well No. 1 225±55aC 135±35aC 195±85aC 100±0aC 
Well No. 36 0±0aC 0±0aC 0±0aC 0±0aC 
Well No. 65 2.5±2.5aC 0±0aC 2.5±2.5aC 0±0aC 
Well No. 71 7±0aC 4±1aC 6±1aC 2.5±2.5aC 
Well No. 72 467±453aBC 440±430aBC 277±263aBC 255±245aBC 
Manhole Connection 1544±162.3aA 1036±141.4bA 1544±162.3aA 890±26.8bA 
Run Off 1116±209.4aAB 816±79.8aAB 980±171.6aAB 804±78.8aA 
 
A, B, and C: means significant variation between some locations 
a, and b:  means significant variation between two techniques 
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Fig 1: Total coliform counts per 100ml drinking water in   different samples 
from different sites in Khor Arbaat. 
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Fig 2: Thermotolerant coliform counts per 100ml drinking   water in different 
samples from different sites in Khor Arbaat.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (4-2): Summary of results (Reservoirs inlet and outlet) 
 
T. Coliform Thermotolerant 
  MPN MF MPN MF 
Elthawra Res 654±114aB 540±119.1aB 518±115.8aB 450±101.7aA
Elageen Res 1192±166.6aA 858±29.2aA 708±87.8aAB 634±84.3aA 
Elaskila Res 1232±193.7aA 884±25.4aA 980±171.6aA 706±95.6aA 
Elsikka Hadid 1232±193.7aA 874±23.8aA 370±141.4aB 354±144.9aA
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Reserviors: T. Coliform
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                    Fig 3: Total coliform counts per 100ml drinking water in different 
samples from reservoirs 
 
 
 
Reserviors: Thermotolerant
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Fig 4: Thermotolerant coliform counts per 100ml drinking water in different 
samples from reservoirs 
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Table (4-3): Summary of results (houses tap water) 
 
T. Coliform Thermotolerant 
  MPN MF MPN MF 
Salalab 1260±340aAB 850±100aAB 1260±340aAB 875±75aAB 
Dem Kuria 920±0aB 650±30bAB 920±0aB 620±0bC 
Dem Elnour 1700±100aA 910±40bA 1700±100aA 910±10bA 
Elthawra 730±190aB 570±220aAB 730±190aB 650±150aBC 
Abu Hashish 1600±0aA 910±40bA 1260±340aAB 940±40aA 
Elaskila 920±0aB 795±5bAB 920±0aB 750±50aABC
Elsikka Hadid 730±190aB 550±50aB 730±190aB 560±40aC 
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                   Fig 5: Total coliform counts per 100ml drinking water in different 
samples from houses tap water 
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Fig 6: Thermotolerant coliform counts per 100ml drinking water in different 
samples from houses tap water 
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                  Table (4-5): Summary of results (desalination water samples) 
 
T. Coliform Thermotolerant   
  MPN MF MPN MF 
Site A 6.60±6.60aAB 0±0bA 0±0aA 0±0aA 
Site B 0±0aB 0±0aA 0±0aA 0±0aA 
Tasneem 15.50±15.50aAB 0±0bA 0±0aA 0±0aA 
Toneel 0±0aB 0±0aA 0±0aA 0±0aA 
Mozan 27.00±4.00aA 0±0bA 0±0aA 0±0aA 
Elsabel 0±0aB 0±0aA 0±0aA 0±0aA 
Gofar 0±0 0±0 0±0 0±0 
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Table (4-7): Summary of results from all site locations 
 
T. Coliform Thermo tolerant   
  MPN MF MPN MF 
Khor Arbaat  747.81±129.20aB 551.08±88.69aB 692.35±126.48aB 453.27±78.52aB
Reservior  1077.5±96.2aA 789.0±44.1bA 644.0±80.3aB 536.0±59.5aB 
Houses tap water 1122.9±113.3aA 747.9±48.1bA 1074.3±107.9aA 757.9±43.7bA 
Treated water 5.9±2.7aC 0±0bC 0±0aC 0±0aC 
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Fig 7: Total coliform counts per 100ml drinking water in 
different samples from all site locations 
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Fig 8: Thermotolerant coliform counts per 100ml drinking water in different 
sample from all site locations 
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4. 3. Identification of the predominant Bacteria Isolates: 
      No primary pathogenic bacteria were isolated from the drinking water samples, 
but some opportunistic pathogens have been isolated and identified as shown in the 
table (9) below. 
      In the present study, the isolates of genus Escherichia coli were  differentiated 
and confirmed by biochemical reaction as E.coli, the main indicator of faecal 
pollution, constitute (28.6%) of the identified Gram-negative bacteria in the 
examined water.  
      The genus Pseudomonas is made up of more than 300 species of Gram-
negative bacteria. Based on morphological and biochemical reactions most 
members of genus 2 are identified as Pseudomonas aeruginosa which is an 
opportunistic pathogen of humans. In contrast to most enterobacteria, this 
pathogenic bacterium is the most significant example of example of bacteria 
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capable of multiplying in water. Thus, P. aeruginosa is common in the tested water 
of Port Sudan water supply (11.5%). On the other hand, Pseudomonas 
alcalengenis represented (14.3%) of identified Gram-negative bacteria from the 
examined water. 
      At present, the genus Klebsiella is subdivided into five species (Podschun, et 
al.2001). The isolates of genus three were identified as Klebsiella pneumoniae 
according to morphological and biochemical characteristics. K. pneumoniae 
represented (7.2%) of identified Gram-negative bacteria isolated from water 
supply. Isolated of genus Shigella could not be identified to spp. Level and were 
represented (7.2%) of the identified Gram-negative bacteria. This pathogenic 
bacterium is invasive pathogen which causes shigellasis or Shigella-related 
diarrhea. 
      In the present study, isolate of genus Proteus were identified as Proteus 
vulagris and represented (7.2%) of Gram-negative bacteria from the tested water 
sample. The isolates of genus Citrobacter were identified as Citrobacter freundii 
according to morphological and biochemical characteristics. Citrobacter freundii 
represented (17.2%) of identified Gram-negative bacteria isolated from the tested 
water sample. Bacillus spp were least common of the aerobic microflora (found in 
2.9%  of the isolates followed by Vibrio spp  which were 4.3% of the isolates. 
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Table (4-8): Shows bacterial species isolated from the some locations 
collected randomly from Port Sudan water supply. 
 
 Bacterial Species 
No. of 
Sample 
Examined 
No. of 
Isolates Percentage 
Escherichia coli 25 20 28.6% 
Kelbsiella pneumoniae 25 5 07.1% 
Pseudomona aeruginosa  25 8 11.5% 
Pseudomona alcalengenis 25 10 14.3% 
Shigella spp. 25 5 07.1% 
Proteus vulagris 25 5 07.1% 
Citrobacter freundii 25 12 17.1% 
Vibrio spp. 25 3 04.3% 
Bacillus spp. 25 2 02.9% 
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Fig 9: Identification of bacterial isolates selected at random from80 aerobic 
isolates from Port Sudan water supply. 
 
 
 
 
 
Bacterial Species Isolated from some Locations 
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Table (4-9): Biochemical characteristics pathogenic of Gram-negative   
bacteria isolated from Port Sudan water supply 
 
Characters E.coli Pseudomona K. pneumonia Shigella spp Proteus spp C. freundii Vibrio spp 
   aeruginosa alcalegines           
Shape R R R R R  R  R  R 
MOT  +ve  +ve  +ve  -ve  -ve  -ve  +ve  +ve 
CAT  +ve  +ve  +ve  +ve  +ve  +ve  +ve  +ve 
OF-O  +ve  +ve  +ve  +ve  +ve  +ve  +ve  +ve 
OF-F  +ve  Alk Alk  +ve  +ve  +ve  +ve  +ve 
OX  -ve  +ve  +ve  -ve  -ve  -ve  -ve  +ve 
URE  -ve  +ve  -ve  +ve  -ve  +ve  +ve  +ve 
GIT  -ve  +ve  +ve  +ve  -ve  +ve  -ve  +ve 
PIG  -ve   -ve  +ve  -ve  -ve  -ve  -ve 
McC  +ve  +ve  +ve  +ve  +ve  +ve  +ve  +ve 
IND  +ve  -ve  -ve  -ve  D  +ve  D  +ve 
H2S  -ve  -ve  +ve  -ve  -ve  +ve  +ve  +ve 
Acid from 
GLU  +ve  +ve  -ve  +ve  -ve  +ve  +ve  +ve 
No2 ND  +ve  +ve ND  ND  ND  ND  +ve 
VP  -ve ND ND  -ve  -ve  -ve  -ve  +ve 
MR  +ve ND ND  +ve  +ve  +ve  +ve  -ve 
GEI  -ve ND ND  -ve  -ve  +ve  -ve  ND 
Acid from 
ADO  -ve  -ve  -ve  +ve  -ve  -ve  -ve  ND 
ARA  +ve  +ve  -ve  +ve  D  -ve  +ve  ND 
GLY  +ve  +ve  -ve  +ve  D  -ve +ve              ND 
INO  -ve  -ve  -ve  +ve  -ve  +ve  -ve  ND 
LAC  +ve  -ve  -ve  +ve  -ve  -ve  +ve  -ve 
MAL  +ve  -ve  -ve  +ve  D  +ve  +ve  -ve 
MAN  +ve  +ve  -ve  +ve  D  -ve  D  +ve 
SOR  +ve  -ve  -ve  +ve  -ve  +ve  +ve  ND 
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SUC  -ve  -ve  -ve  +ve  -ve  -ve  D  +ve 
RAF  +ve  -ve  -ve  +ve  D  -ve  +ve  ND 
XYI  +ve  -ve  -ve  +ve  -ve  D                    -ve  -ve 
 
+ ve: Positive                 - ve : Negative                  ND: Not done.              R: Rod                        
 Alk: Alkalinity                    D: Different reacation 
 
 
Table 14: Characteristics and biochemical reactions of Gram-positive bacteria 
isolated from Port Sudan water supply  
 
Characters Bacillus spp 
Gram stain  + ve 
Shape Rod 
Spore +ve 
Motility  - ve 
Catalase  D 
Oxidase  D 
Glucose (acid) D 
OF-O +ve 
OF-F +ve 
Urease -ve 
Citrate D 
Pigments -ve 
Growth on MacConkey agar +ve 
Indole production -ve 
Acid from glucose  +ve 
Nitrate reduction +ve 
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VP +ve 
MR -ve 
 
 
 
 
CHAPTER FIVE 
Discussion 
 The suitability and accuracy of various methods used to enumerate indicator 
organisms in drinking water has become a matter of increasing concern. At present 
the two techniques, namely the Membrane Filtration (MF) as described by (Rebert 
et al, 1995) and the Most Probable Number (MPN) as described by (Collee et al, 
1996) are extensively used for monitoring coliforms (total coliform and faecal 
coliform) in drinking water systems. 
In the present study these two methods were used for monitoring the total 
coliforms indicator group in drinking water of Port Sudan water supply. In general, 
the MF method is preferable to MPN method. The MF technique is highly 
reproducible, can be used to test relatively large volumes of samples and yields 
numerical results more rapidly the multiple tube procedure. The membrane 
filtration MF technique is extremely useful in monitoring drinking water and 
variety of natural waters. 
These two techniques had been evaluated and compared in several studies 
for their accuracy, specificity and recovery and it was found that both MF and 
MPNtest were suitable for coliform enumeration in water; and there was no 
significant statistical difference in the results given by both techniques. This is in 
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agreement with the results obtained by (Tobin et al., 1980; Shipe and Cameron, 
1954; Rice et al., 1987).  
The results of both tests were comparable and reproducible in this study. 
However, Clark (1969), Meadows et al (1980), Maul and Block (1983) and 
Calabrese and Bissonnette (1990) recommended the MF technique as suitable 
method for bacterial analysis of water because of it is rapidity, simplicity, and 
precision reproducibility as well as its lower cost and smaller space requirements, 
compared to the MPN test. 
Monitoring of sanitary indicator bacteria in the different sites locations at 
Port Sudan city during the period of investigation showed the presence of coliform 
and faecal coliform in all sampling point. 
The guideline criteria of WHO (1992) coliform organisms 500 bacteria per 
100 ml for total coliforms and 100 bacteria per 100 ml for faecal coliform. In this 
study the number of total coliform bacteria was 535-570 cfu/100 ml in Saraf 
(surface water) which was higer than that recommend by WHO,  but which lower 
than that reported in previous studies, Eltom (1997) reported coliform counts of 
(700-1500 org/100ml) and Abd Elrhaman (2001) found that the high incidence of 
coliform contained coliforms that ranged from (577-1800 cells/100 ml by MPN) 
and from (1567 org/100ml by MF). However, this study and previouswere indicate 
that Khor Arbaat waters are subject to sweage pollution. The water from Khor 
Arbaat is usually unfiltered and is considered an unsafe source of environment. 
The infrequent rain falling to the earth is contaminated with traces of matter and 
occasionally with bacteria acquired via water-borne particulates, which possibly 
contribute to surface water contamination. Another possible source of Saraf water 
contamination is the dust storms (Feachem et al, 1982).                     
      The present study showed that there was gradual increase in the bacterial 
counts from upper-to lower gate that is from Saraf to connection manhole, which 
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might be attributed to domestic sewage and from livestock of nomads who used to 
bring their cattle to these points. Soak away from system breakages within the city 
may have also contributed to contamination. 
Another factor that can influence the quality of water is the polluted land 
environment especially during rainy season as was stated by Geldrich et al., 
(1968). They added that the infrequent rain falling to the earth is contaminated 
with traces of matter and occasionally with bacteria acquired via water-borne 
particulates, which are possibly anther contribution to surface water contamination. 
Eltom (1997) noted that the microbial density peaks in Port Sudan water 
supply system usually occur during turbidity maximum. Therefore the major 
source of contamination is the heavy water run-off during the rainy months that 
causes of flushing and washing out of catchment areas of about 40.000 square 
kilometer before this water pours in Khor Arbaat increases turbidity and 
contamination..  
High count of coliforms were detected in manhole connection,in this study, 
this may be attributed in part to dusty wind (Hammad and Dirar, 1982). The faecal 
contamination confirming human sources and also favorable temperature.  
 In this study, the lowest count of total coliform were detected on wells, 
where coliform distribution ranged from zero to 225 cfu/100 ml, because these 
wells were completely protected from the reach of man and animal, and have 
impermeable platforms. 
The presence of a few numbers of coliforms may be due to the heavy water 
run-off causing damage of wells. Some of the wells are without covers; pumps 
which have been under repair are installed without being disinfected. These two 
factors may provide to ingress of forgein bodies to the groundwater 
The contamination percentages were higher in surface water than in wells 
this may be due to the Port Sudan water supply as in other parts of the world, it is 
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difficult to determine the exact source of faecal pollution because many sources 
combine together to pollute these waters.  
The results clearly indicate that the growth of microorganisms in all water 
samples collected from the inlet and outlet of reservoirs and household was 
enhanced by presence of breakages and points of leakage the net work system. The 
presence of coliform indicates that no disinfecting agent was added to the 
reservoirs under study. In this study, the factor that can lead to introduction of 
microorganism inside the reservoirs is lack of washing and frequency of opening at 
the some positions.  
The results along the distribution system indicated that most of the examined 
drinking water samples are rich in total bacterial counts. Bacterial content 
increases in the distributary’s network system, most probably due to the reverse 
leakages.  
Generally, failure of process, pipe line breaks and valves, unhyginecic 
condition associated with cisterns and other factors not yet detected that can 
contributed to increased levels of enteric bacteria in systems may create a potential 
hazard (Eltom, 1997).  
  Desalination water had the lowest coliform bacteria count which is in 
agreement with theprevius study, (Abd Elrhaman, 2001) andit meet Sudanese 
standard of drinking water quality. The absence of contamination in this situation 
may be due to protection from environmental pollution and may also be due to the 
optimum chlorine dose. 
 The most opportunistic pathogen isolated from the Port Sudan water supply 
was E.coli which often indicates recent faecal contamination–meaning that there is 
a greater risk that pathogens are present than if only total coliform bacteria is 
detected Although most strains of E. coli are not regarded as pathogens, they can 
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be opportunistic pathogens that cause infections in immunocompromised hosts 
(Tandon et al, 2005).      
In this study Gram- negative bacteria were the most important grupe of 
aerobic heterotrophic microflora in water. 
Escherichia coli were the most commonly founded species in all isolated 
samples. (Tandon et al, 2005) reported that if E. coli and coliform bacteria were 
detected in drinking water, the source is probably environmental; faecal 
contamination is not likely. However, if environmental contamination can enter the 
system, then it is important to determine the source and the slove the problem. It 
can usually be corrected by making system repairs, flusing and/ or "shock" 
chlorination of the system (adding chlorine for short period of time). 
In present study Kelbsiella pneumoniae, was isolated from five samples, also 
this pathogenic bacterium has been previously isolated from surface water 
(podschun et al., 2001). 
In this study Pseudomona aeruginosa, Pseudomona alcalengenis, Shigella 
spp., Portus vulagris, Citrobacter freundii, Vibrio spp., and Bacillus spp., were 
isolated randomly from Port Sudan water supply, the source of all these microbes 
could be faeces or from decaying plant materials and soil (Coplenas and Kanarek, 
1984; Edmondson et al., 1980). 
Bacteria of genus Shigella, were isolated from five samples, in presebt 
study, Shigella infections remain a global public health concern, cuasing diarrhaea 
ib both the developing and developed regions (Guerrant et al., 1999). The bacteria 
are readily transmitted through the faecal-oral route, with the majority of illnesses 
arising through the consumption of faecally contaminated food and water. Poor 
personal hygiene and sanitation are the common sources of such food amd water 
contamination (Sapsford et al., 42004)  
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Conclusions  
                                                                            
 From the results and the findings of the present investigation it can be 
concluded: 
1. Raw surface water in Khor Arbaat is not completely safe for human 
consumption because: 
a. Raw surface water was contaminated by coliform bacteria in some 
location. 
b. The thermotolerant coliform counts of raw surface water are not 
acceptable to guidline criteria of WHO in some location in Arbaat 
(manhole connection and runoff) and Port Sudan city (reservoir and 
household). 
2. Treatment processes improved the quality of raw surface water as the 
treatment process decreased turbidity of raw surface water to acceptable 
level.  
3. Groundwater in Khor Arbaat is considered to be one of the most important 
sources to Port Sudan water supply. 
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Recommendations 
1. Much needs to be done to increase awareness of the hazard of drinking 
contaminated water and of ways to prevent contamination. 
2. There must be more frequent monitoring to detected contamination of water 
supplies. 
3. Although it is rather difficult to attain the requirements of WHO for drinking 
water. The flowing suggestions must be put in mind:-                                                                   
a. Periodic check up of distribution system is necessary to treat any leakage. 
b. Processes like water treatment, system repairs, flushing or shock 
chlorination could be established in the city. 
4. Transfer of water from the Nile basin is future solution of the vital problem of 
water shortages that impacts the town   
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